The management of global investment portfolios is a complex extension of single-country or domestic fund management. Clearly currencies must be explicitly considered, and the cultural differences among countries raise some important questions regarding investor preferences, market efficiency, and security analysis. Another aspect of global portfolio management concerns the degree to which countries and companies within countries are linked-the extent to which international markets are integrated or segmented. l If assets are closely related across countries (integrated markets), domestic fund management is a special case of global fund management. The factors and influences that affect the world as a whole are mirrored within each country. To the extent that assets are not related across countries (segmented markets), however, singlecountry management should vary country by country as it is likely that there will be different risk/reward trade-offs across countries. Different factors will be significant in explaining risk, and the asset characteristics for which investors demand compensation will vary from country to country.
Casual empiricism suggests that neither of these polar cases is likely to hold in practice. It is more reasonable to assume that reality lies somewhere between the fully integrated and the fully segmented hypotheses. In other words, some countries will be more segmented than others, while some factors will influence assets across countries and others will be influential only within countries.
This observation has a number of important implications for global fund management. Suppose, for example, an investor is considering investment in West German and Japanese banks. If the banking industry is homogeneous across countries (i.e., the global banking industry is an efficient market), we would expect that a meaningful comparison could be made between the different assets. Yet if the country of domicile is more important than the asset's industry, banks in one country are not likely to be good substitutes for banks in another country. Which is more important-the common attribute, banking, or the contrasting attribute, domicile?
We can think of a variety of similar situations. For example, is General Motors a substitute for Jaguar? Is Nissan a substitute for BMW? Are resource companies in Australia a substitute for resource companies in Canada? In short: Are country factors more prominent than industry factors?
The more important and general question is: What are the factors that influence security prices globally, and how are they related to factors that influence security prices within each country? These factors may include more than industry factors; for example, is there a global "small-cap" effect? Presumably there are some factors that either influence or are influential within the majority of countries. How do we tell which countries are more or less integrated? Next, how should the global factors be measured? Do the factor relationships change through time?
The structure of global asset returns is also important for quantitative applications such as asset allocation and portfolio risk measurement and optimization. The covariance structure for asset allocation models is typically estimated from index returns. Index returns, however, are influenced by the transient behavior induced by unusual economic conditions that are unlikely to be repeated over any short period of time. For example, the Australian market is dominated by resource companies, which will have a major impact on the Australian market index returns. The returns to resource companies will be more variable than the returns to the true underlying Australian market. Hence, correlations using market indexes are liable to be quite non-stationary because of the changing impact of the resource sector.
An alternative method of estimating correlations is to analyze the underlying factors. For example, one could examine first the Australian market net of resource companies, and second, resource companies net of the country influences. In this way a better estimate of the correlation of the Australian market with other markets can be built up from the interrelationships between these two underlying factors.
2 (Presumably better estimates of the correlations could be obtained from a more complete set of factors.) This difference would be crucial for an international manager whose Australian portfolio stressed the industrial, service, and financial sectors of the Australian market but neglected the resource sector.
Two further examples of the importance of understanding the nature and volatility of global factors may be useful. Consider the common management practice for large global portfolios where investment management is split up by region. Typically there are Japanese, United States, and United Kingdom subportfolios run independently by different teams, each with "local market" managers. Suppose each country manager decides to underweight the automobile industry. If the automobile industry is strongly correlated across countries, the impact of the decisions may be more extreme than anticipated or justified by the managers' information. The total portfolio is significantly exposed to the cumulative impact of these individual decisions. At the very least this example suggests that the aggregate portfolio should be monitored independently of the subportfolios.
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Another example relates to the research function. For example, should one analyst research the banking industry worldwide, and another be responsible for insurance companies worldwide? Alternatively, the research department could be split by allocating an analyst to the financial sector in Japan with another analyst responsible for the financial sector in the U.S.A., and so on. In order to assign research resources efficiently, the research director will need to know whether it is more accurate to value banks in Japan relative to insurance companies in Japan or to banks elsewhere in the world.
Our article presents a model that can help answer these important questions. The model gives quantitative information, where previously investors had to rely solely on intuition. Although the model was originally constructed to predict global portfolio risk levels and assist in the management of global equity portfolios, it has been extremely valuable in providing insight into the structure of the global equity market.
MODEL AND DATA

Model Specification
The model breaks portfolio return and risk into component sources. The initial decomposition is into currency return and excess return in the local markets. Local market returns are then further subdivided into local systematic returns, industry returns, and returns related to other asset attributes such as volatility, size, or yield. We refer to this last group as common factor returns.
Currency return is a complicating issue in the global portfolio. Consider a simple example of an Australian investor who owns shares in Daimler-Benz, a German automobile company. The return to the Australian investor is the product of two returns: first, the return an investor in the local (German) market would obtain from holding Daimler-Benz, and second, the return attributable to changes in the Australian dollar-Deutschemark exchange rate.
With a small amount of algebraic manipulation the products of these two returns can be broken into three parts:
• Currency Return. This reflects both the change in the exchange rate and the interest received on a currency investment. In our example this would be the rate of return due to changes in the A$-DM exchange rate plus the German risk-free rate.
• Local Excess Return. This is the asset return in the local market, less the risk-free rate in that market. In our example, it is the return on Daimler-Benz, less the German risk-free rate. This return component is the same whether the investor is Australian, Japanese, or German.
• A Cross-Product Term. This is the exchange return times the local market return. This term will be small, especially over periods such as a month or shorter.
To continue our example, consider the data following for a typical month. The exchange rate at the start of the month is 0.65 A$/DM, and at the end of the month the exchange rate is 0.67 A$/DM. The return on Daimler-Benz in the German market during the month is 2.6%, and the monthly German risk-free rate is 0.35%. Then the exchange return is 100 (0.67/ 0.65) = 3.08%. The return to the Australian investor is 100 [(1.0308) (1.026) -1] = 5.76%. The currency return is 3.08% + 0.35% = 3.43%. The local excess return for Daimler is 2.6% -0.35% = 2.25%. The cross-product term is 100 x 0.0308 x 0.026 = 0.08%. Note that 3.43% + 2.25% + 0.08% = 5.76%.
For purposes of forecasting portfolio risk, one can safely ignore the cross-product term because it is insignificant for typical portfolios in all but the highest-risk markets. This approximation permits focus on the currency return and the local excess return separately. Notice we are not ignoring the correlation of the currency return and the excess return.
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With this assumption the single-period excess return for an investor domiciled in a particular country is written as:
where r(n) is the excess return in the investor's domestic currency for asset n; rc(n) is the excess return in the investor's domestic currency from holding the currency of asset n (DM in our example); and rle(n) is the excess return of asset n in its local market (local excess return).
Separating currency excess returns from local excess returns is particularly helpful in analyzing global portfolio risk as it permits the covariance matrix to be specified in a "block" form. Henceforth in this article we will concentrate on local market risk, knowing that in any application total portfolio risk can be computed from local market risk, currency risk, and risk arising from the covariance between these two sources.
After the currency effects have been separated out, the local excess returns can be subdivided into various components. These are:
• Local Market Return. Exposure to the local market is measured by the beta of the asset with respect to the local market. Assets are exposed only to their local markets. Thus Daimler-Benz has a beta with respect to the German market and a beta of zero with respect to the other markets.
• Industry Return. Each company is assigned to a single industry. There are thirty-six industries as defined in the Financial TimesActuaries World Index.
• Common Factor Return. These include factors related to the company attributes such as size, yield, volatility, and success. Each of these is normalized within a country. Thus a large Spanish firm would be judged the same as a large Japanese firm on the size index. In a similar way the highest-yielding assets in each country rank high on the yield index. This corrects for cross-country differences in asset attributes.
The model is completed by adding a specific risk term. This term shows the amount of return that is unique to each firm; that is, the specific return is the return that cannot be explained by either industry membership, exposure to the local market, and other firm attributes.
The formal statement of the model for local excess return on asset n, rle(n), over a single period is:
where b(n,k), y(n,j), and x(n,i) are predetermined variables describing the relevant asset characteristics: namely, the beta, industry assignment, and common factor exposures. Variables h(k), g(j) and f(i) represent returns attributable to the various components, namely countries, industries, and common factors.
The first term in the model, Σ b(n,k) (h(k), represents the aggregate country return. If asset n is Daimler-Benz, it is domiciled in country 8 (Germany). This means that b(n,k) = 0 for k ≠ 8, and b(n,8) is the predicted beta of Daimler-Benz in the German market for this time period. The term h(k) represents the country "factor" return for country k.
The second term, Σ y(n,j) g(j), is the industry return. Again, if asset n is Daimler-Benz, it is in industry 15 (automobiles). In this case y(n,j) = 0 for j ≠ 15 and y(n,15) = 1. The term g(j) represents the industry "factor" return for industry j.
The third term, Σ x(n,i) f(i), is the return attributed to the common factors. The term f(i) represents the factor return associated with the i These factor exposures are defined as continuous variables and are normalized within the country. They can, of course, be used to assign each company into groups, say quintiles, within each country. The volatility measure of -0.74 shows that Daimler-Benz has had less residual volatility than the average German company (on the border between the fourth and fifth quintile). A success index of -0.56 indicates that Daimler-Benz has been less successful than most companies (on the border between the third and fourth quintile). The size measure of 1.05 indicates that Daimler-Benz is larger than most German companies (first quintile). Finally, the yield value of -0.55 in dicates lower yield than average (again on the border between the third and fourth quintile).
In each month local excess returns, rle(n), on the assets are observed. Then, using Equation (1) and the known factor exposures, b(n,k), y(n,j), and x(n,i), factor returns h(k), g(j), and f(i) are estimated in order best to explain the local excess returns. The factor returns represent pure bets on the factors; the local market factors identify returns to countries net of other factors. Industry factors work across countries and capture the true industry returns untainted by country or company attributes.
Specifically, the factor return for automobiles would represent the return to a portfolio that is heavily concentrated in the automobile industry, with a zero exposure to the other industries, is neutral on all the countries, and has no exposure to any of the company attributes. In essence, the starting point is the return on the automobile industry, which is then corrected for the incidental biases of the industry being concentrated in particular countries (Japan, U.S., Germany) and for the large size of the typical automobile company. This isolates the unique quality of the automobile industry and separates out the other features that are related to automobiles but common to other assets as well. For example, there are large banks in the U.S., Japan, and Germany. The different factor returns for banks and for automobiles are what distinguish the large banks from the large automobile companies.
Data
The model is based on return data for the universe of assets in the Financial Times-Actuaries World Index. The data cover the period from 1979 to the present. The model is based on all the data; the factor returns cover the six-year period from January 1983 through December 1988. Table 1 gives a breakdown of asset coverage by country as of January 1, 1989. 
Performance Attribution
One advantage of this approach is that we can disassociate or untangle many competing influences on a stock's return. The local market factor returns are the returns to a portfolio that has "unit exposure" to the local country (i.e., a beta of one in that country), and no exposure to any other countries (i.e., a beta of zero in all other countries). The portfolio has zero common factor exposure, zero industry exposure, and zero total holdings. In other words, the portfolio is neutral on all factors except a single country. Finally, given these constraints, it has minimal risk. Tables 2 and 3 show the local market factor returns and local market index returns for a typical month (June 1988) and an a typical month (October 1987) . Note that the local market factor returns in October 1987 (Table 2) show considerably more variation across countries than do the index returns (Table 3 ). In fact, the Austrian, Danish, Finnish, and, in particular, the Japanese market showed positive returns in October net of other influences. As we shall see below, the industries in October 1987 picked up the major drop in value. This phenomenon would hold in any month where there is a large (either positive or negative) move of the global market; the industries are much more likely to pick up that general move than the local market factors. Similar patterns in the local market factor re turns can be seen for June 1988. The country factor for Japan in particular did well in June but the index was some 2% less. Why? At least in part, as we shall see, because banks and large companies-which dominate the Japanese market-did poorly.
The industry factor returns with the comparable industry returns (defined as the capitalization weighted local market excess returns for all companies assigned to that industry) are shown in Tables 4 and 5 . The industry factor returns for October 1987 are all negativeprincipally because they pick up the mean return of the individual assets-and generally of the same order of magnitude as the actual market returns of the industries. The results for June 1988 are interesting as well. For example, the utility factor return is close to zero, implying that actual utility returns in the month of June 1988 were almost exactly equal to the country factor returns adjusted for the company attributes as captured by the common factors. If one measures the performance of utilities by analyzing the utility industry index, however, one would think that they had in fact shown an almost 5% return. Presumably most of this return came from the performance of the country and relevant company attributes.
LOCAL MARKET VERSUS INDUSTRY FACTOR RETURNS
The first issue in fitting the factor model is the relative importance between the local market factors and industries in explaining asset returns. Unfortunately, the criteria for measuring "importance" depend upon the application. We could, for example, compute the amount of variance explained by each class of factor. This would enable us to partition the risk and to show in aggregate which is the more important. However, there may be certain countries (perhaps low risk), for instance, that are quite unconnected with the rest of the world, i.e., they are segmented. For global managers these countries are important because they will not be able to diversify their exposure. Further, and somewhat different, evidence can be gained by examining the statistical significance of each factor's return, and the absolute level of volatility of each factor. Below we consider each of these four approaches.
A common statistical measure of success is the R 2 , or percentage of cross-sectional asset return explained by the model. The first notable point is that the multiple-factor specification shows a substantial increase in R 2 relative to single-factor country models. On average this improvement is almost 35%, and in certain months the performance is over twice that of the single-factor formulation.
To determine the relative importance of industry and local markets, we first looked at the proportion of the variance of monthly returns that could be explained by three models: one using just industry factors, one using just local market factors, and one using both industry and local market factors.
The results are given in Table 6 . The average R 2 is in excess of 20% for both the industry-only and country-only models, showing that both types of factors are important sources of risk. The local market factors appear to be the more explanatory of the two. When we combine the two kinds of factors, we achieve a 30% improvement in R 2 over the country model, which clearly indicates that industry explains a significant portion of variance not explained by local markets alone. To see how the explanatory power of industry and local market factors varies over time, we normalized the monthly R 2 of these models by dividing them by the R 2 of our full multiple-factor model. These normalized values are plotted in Figure 1 . The amount of risk explained by each of the models varies significantly over time. Local market factors account for more of the variance than do industry factors in approximately 90% of the months. In certain months, however, there is virtually no difference in the explanatory power of the two models. This was the case in October 1987, when values fell dramatically across the world.
Let us now turn to the next measure of importance -the degree of segmentation. Recall that the local market factor returns are the returns to a portfolio that 1) has "unit exposure" to the local country and zero exposure to all industry and common factors, and 2) has minimal risk among all such portfolios. Thus, the local market factor return measures the return attributable to the country net of any global industry or common factor effects. The local market index return, on the other hand, is simply the value weighted return of the assets in that country.
One would expect the local market factors to behave similarly to the market indexes. These correlations are quite high, as shown in Table 7 . The correlations range from a low in the United States of 0.70 to a high of 0.97 in Mexico. One interpretation of these correlations is that approximately 50% of the country index variance for the U.S. is captured by the country factor. For Mexico the figure is approximately 95%. This suggests that the U.S. market return is more affected by external global forces such as industry and common factor influences than is the return to the Mexican market. Note that the local market factor returns of large countries such as the U.S., Japan, and the U.K. typically have low correlations with the local market indexes. Countries that have many large multinational companies, such as the Netherlands, also will have relatively small correlations between the local market factor and the local market index. The correlation coefficient therefore appears to be an excellent measure of the degree of segmentation: The higher the correlation, the more segmented the market.
There are immediate applications of these findings. For example, consider the management of a global index fund. The index fund manager has to worry comparatively little about Canada, because it is a "global country," and hence will not add much unrelated risk. Mexico, on the other hand, behaves unlike the world as a whole, and hence warrants more management attention because it will be nearly impossible to find non-Mexican assets that will track Mexican returns.
Further insight into the relationship between local market factors and indexes may be gained by looking at the cumulative return to each over time. Figures 2a and 2b plot the cumulative market index returns and the cumulative local market factor returns for Mexico and the United States. The behavior of the Mexican local market factor and index are strikingly similar, suggesting that very little of the return in the Mexican market is explained by its linkage to the rest of the world through industries and common factors. That is, the Mexican market is segmented from the rest of the world market. In contrast, there is substantial divergence between the United States market factor returns and the local market index returns; the effect of global factors, in part, accounts for this difference. Table  8 , which shows the percentage of times that each country factor is significant over the seventy-two-month estimation period. All but four of the countries were significant in over 48% of the months examined; eighteen countries were significant 50% or more of the time. Hong Kong and Mexico are countries that show a particularly strong country influence in the returns of their local securities. In contrast, Austria, Finland, and Ireland show less country impact in their local returns. 
GLOBAL AND REGIONAL INTEGRATION
Is there a trend toward globalization of industries, leading to further integration of local markets? Such a tendency should show up in the data. One check is to compare the strength of industry returns over the first and second half of the estimation period. Table 9 sets forth the number of times that each of the industry factor returns was significantly different from zero in the first and second half of the estimation period.
The results provide some evidence for the in creasing global importance of industries. Thirty-two industries had either more or the same number of significant months in the second period relative to the first; twenty-one of the industries showed increased significance by 30% or more months. Only four industries decreased in significance, all marginally. Three of these were the property insurance, oil, and non-oil energy industries, which were highly significant in both periods. In the recent period, several industries such as auto components, business services, textiles, entertainment, and heavy engineering were significant more than twice as many times as in the past.
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The conventional wisdom is that, in addition to increasing global integration, there is increasing regional integration, certainly in Europe but also in North America and the Asian markets. To check on this hypothesis, we looked at the correlations among countries in three regional markets: Continental Europe, Australia-New Zealand, and the Far East.
The correlations were computed from both the market indexes and the local market factors. As we described above, correlations between factors should be a more accurate measure of the true interactions between countries than correlations between indexes. The local market indexes will have industry biases; if two nearby countries have a similar industry mix, for example, then the local market indexes will show an artificially high correlation because of industry effects.
Correlations for Continental Europe, Australia-New Zealand, and the Far East appear in Tables 10 through 12 . Not surprisingly, the correlations produced by the two methods are similar. In general, correlations between the market factors are somewhat smaller, which is the result of removing industry and common factor influences. This can be seen in both Continental Europe and AustraliaNew Zealand. In the Far East, much of the commonality of the Pacific Rim countries is reduced when using factors rather than indexes. Japan in particular appears to be less related to the other countries when factors are used. Yet when indexes are used, Japan seems to be moderately positively correlated with the rest of the region.
These results are even more startling when we examine the correlations computed over the two sub-periods. Table 13 shows the correlations for the Far East and Australia-New Zealand. The correlations obtained using the factors for the Far Eastern countries are quite stable. When we compute correlations using the indexes, however, there is a sudden jump in period two that strongly influences the overall results. A somewhat different pattern shows up between Australia and New Zealand. There is a significant shift even when using the factors, but it is much less extreme than the correlations computed from the indexes. 
SUMMARY
We have shown that there are strong commonalities between and among markets. The interactions depend on country, industry, and common factor exposures. Decomposing return (and risk) into their basic elements gives considerable insight into the characteristics of the markets and provides a foundation for developing active global strategies. The results are important to the organization of the global management of investment portfolios, giving rise to the first accurate measures of global investment risk, including estimates of correlations with minimum error.
Our results show wide variations among countries and industries. We find, on average, that countries are more important than industries. Yet, the most important industries are more important than the least important countries.
A significant issue in global portfolio management is whether countries are segmented or integrated. Do assets in different countries behave independently of one another, or are they exposed to important, common sources of risk that impact their performance?
We have shown that the returns to companies in different countries are influenced significantly by exposure to global industry and common factors that cut across country boundaries. Two assets in the automobile industry or of similar size within their country are related through industry and size factors. Thus, a bet on the automobile industry in the United Kingdom is by no means independent of a bet on the United States automobile industry.
Although we found all industry factors to be significant determinants of asset returns, some industries appear to be more "global" than others. The oil industry factor is highly significant, while the factor for consumer goods is less so, suggesting that oil companies behave more similarly across the world than do consumer goods companies. Other more global industries include property insurance, real estate, health, and banks.
The influence of global industries is more prominent in countries with less significant country factors. Austria, Finland, and Ireland are examples. In contrast, countries with strong country influences such as Mexico and Hong Kong exhibit more idiosyncratic behavior and are less integrated into the global economy.
